Salmonella is the second cause of foodborne diseases in France and pork products are regularly incriminated. For the implementation of control measures in farms, it is necessary to better understand the risks of infection of pigs by Salmonella at farms. Our epidemiological study aims to determine Salmonella prevalence of fattening pigs in Reunion Island, oversea territory of France, and the main risk indicators for pig infection.
Introduction
Salmonellosis is one of the most important foodborne disease in many country, up to 95000 confirmed human cases in 2011 was infected by Salmonella in Europe (EFSA, 2013) . In industrialized countries, 15% of cases of salmonellosis have been associated to the consumption of pork products (Berends et al., 1998) . The pig industry of Reunion Island, tropical island located in Indian Ocean, is also concerned by this public health burden. Despite the asymptomatic carriage of Salmonella by pigs, it's necessary to understand the different ways of contamination of breeding pigs in order to limit the presence of Salmonella on carcasses at the slaughterhouse and to minimize the risk of transfer of Salmonella to humans. However, today, few data on Salmonella have been collected in pig in Reunion Island (Cardinale et al., 2010) . Our epidemiological study aims to determine Salmonella prevalence of fattening pigs and identify the main risk indicators for pig infection in Reunion Island.
Materials and methods
Farms : Our study was carried out from January 2011 to August 2012 and involved 50 pig farms: 42 farrow-to-finish farms and 8 multiplier farms. These farms were selected randomly in membership of pork producers' cooperative (CPPR) in Reunion Island. Farms with several different animal productions on the same site were included in this survey. The farm selection was also based on the owner's willingness to cooperate. The sample size was calculated on the basis of a target assumed-herd-prevalence of 40% with an accuracy of 5% and 95% confidence limits (Cardinale et al., 2010) .
Samples and data collection :
Only one fattening pig batch (pigs born on the same week) was considered per farm. Each farm was visited four times.
The first visit was held at the end of the previous batch before slaughtering. The second visit occurred after cleaning and disinfection, just prior to new loading. The third and the fourth visits took place at the beginning and at the end (25 weeks of age) of the fattening period. Data concerning the farm and housing conditions, manure storage, drinking and feeding practices, pest control, cleaning and disinfection procedures, environmental circumstances as well as hygiene and health aspects were collected from a questionnaire administered by a single investigator to each farmer. At the first (previous batch), third (beginning of the fattening period) and fourth visits (end of the fattening period), samples consisted of 4 pools of 20 fresh fecal samples and of soil surface using a pair of gauze socks. During the second visit, after cleaning and disinfection, walls were sampled using gauze swabs and soil surface using gauze socks.
Salmonella isolation and identification : Samples were pre-enriched in buffered peptone water (BPW) in 1:10 sample/ broth ratio. Disinfectant neutralizer was added in BPW broth (1:10) for samples collected after cleaning and disinfection. Environmental swabs and socks were pre-enriched with 150 and 300 ml of BPW respectively. After incubation at 37°C for 18h ± 2h, 1 ml and 3 drops of BPW broth were inoculated respectively to 10 ml of Müller-Kauffmann Tetrathionate-Novobiocin broth (MKTTn) and on Modified Semisolid Rappaport Vassiliadis agar (MSRV) plate. Both were incubated respectively at 37°C for 24 h and 41.5°C for 24-48h. A loopful of selective enrichment in MKTTn was then streaked on Xylose-Lysine-Desoxycholate Agar (XLD) and Rambach Agar. MSRV plates with characteristic halo of migration were streaked onto XLD and Rambach agar. After 24h at 37°C, four typical colonies per sample (one per way if possible) were biochemically confirmed as Salmonella and serotyped according to the Kauffman-White scheme.
Statistical analysis :
The epidemiological unit of the study was the batch. The batch followed in this study was the one that was transferred from post-weaning room to the fattening room during the third visit. The batch was declared infected if at least one sample tested positive. The outcome variable was thus dichotomous (infected batch versus non-infected batch). A bivariate analysis related Salmonella status of the batch to each of the explanatory variables. The variables associated with Salmonella status of the batch were selected. All bilateral relationships between the possible explanatory variables were checked. For relationships between variables evidencing strong structural collinearity, one of the two variables of interest (the most related to the outcome variable) was chosen.
Results
Salmonella shedding : Among the 50 farms, 39 (78% IC95% [68.3-87.6])were tested positive for Salmonella at the end of the fattening period. The bacterium was detected in 74%, 66% and 82% of the samples collected during the first, the second and the third visit. Among the eleven different Salmonella serotypes identified, the predominant serotypes were S. 4,[5],12,:i:-(28% of total herds), S. Livingstone (20%), S. Weltevreden (18%), S. Derby (12%), S. Rissen (10%), S. Typhimurium (10%), S. Newport (10%), S. Amsterdam (2%), S. Enteritidis (2%), S. Durban (2%) and S. Kisangani (2%).
Risk indicators :
Fourteen risk indicators were identified (Table 1 ). The modality of the variables for which the number of positive farms is higher was identified as risk indicator for Salmonella infection of fattening pigs. These results have to be confirmed by logistic regression analysis.
Discussion
In our study, 78% of herds at the end of the fattening period were positive for Salmonella. Compared to results from previous studies in Europe, the prevalence is higher in Reunion Island. Indeed, in 2004 Beloeil et al. detected a pig herd Salmonella contamination around 36% in France. This difference could be explained by tropical climate (temperature and humidity) which is favorable for Salmonella growth and persistence. A prospective study, carried out by Cardinale et al. (2010) , bring out a prevalence of Salmonella in farms around 60%, which is close to our result. The most predominant serotype was S. 4,[5],12,:i:-; monophasic emergent serotype often recovered from other studies concerning pigs (EFSA, 2013) . S. Typhimurium, S. Weltevreden, S. Derby and S. Livingstone, had ever been identified in pigs in Reunion Island (Cardinale et al., 2010) .
The risk of Salmonella infection of farms decreases when there are more than 3 pig houses in the farm; farmers with several houses probably dissociate the different stage of growing in different houses and limit then transmission between pig stages. The risk of Salmonella contamination of farms decreases when the farm was located higher than 600 meters above sea level; in altitude in Reunion Island, there are less animal productions which can limit Salmonella dissemination or Salmonella is sensitive to low temperatures and higher moisture. However, no association between farm density and Salmonella risk was found in the study of Benschop et al. (2008) . But inactivation of Salmonella was observed with low temperature and increasing moisture (Villa -Rojas et al., 2013) . Ebeling (1997) hypothesized that mice, poultry and pig could be contaminated by cockroach faeces where Salmonella is stable for years. Rodents can also introduce Salmonella and participate to maintain infection on farms. An effective pest control system is important; indeed, in Reunion Island, farms without disinsectization or only done by farmers have more risk to be contaminated by Salmonella. Cleaning and disinfection of ceiling and of the natural service area were associated with decreased risk of infection. However, it is surprising that there is no other practice associated with Salmonella infection. The low Salmonella prevalence in farms using trough in fattening room is contrary to risk factors identified by (van der Wolf et al., 1999) . Farmers with trough gave wet feed; (Fablet et al., 2003) showed that dry feed enhanced the risk of Salmonella shedding compared to wet feed. Use of antibiotic treatment during post-weaning period seems to be protective against Salmonella infection in pigs. However, studies showed that preventive antibiotic treatment during fattening period could enhance the risk of Salmonella shedding (Rossel et al., 2006) .
Conclusion
These previous analysis allowed to identify risk indicators for Salmonella infection in fattening pigs in Reunion Island. Logistic multiple-regression analysis will confirm risk factors. PFGE on all isolates and MLVA on S. Typhimurium and S. 4,[5],12,:i:-is in progress and will highlight the potential sources of contamination. This survey will help to identify measures which could be applied in farm in order to decrease Salmonella prevalence in pig production in Reunion Island. 
